Home equity is the primary self-funding mechanism for long term services and supports (LTSS). Using data from the relevant waves of the Health and Retirement Study (1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010), we exploit the exogenous variation in the form of wealth shocks resulting from the value of housing assets, to examine the effect of wealth on use of home health, unpaid help and nursing home care by older adults. We find a significant increase in the use of paid home health care and unpaid informal care but no effect on nursing home care access. We conduct a placebo test on individuals who do not own property; their use of LTSS was not affected by the housing wealth changes. The findings suggest that a wealth shock exerts a positive and significant effect on the uptake of home health and some effect on unpaid care but no significant effect on nursing home care.
Introduction
One key social policy question facing most western societies is how best to fund long term services and supports (LTSS) in aging populations. About half of adults that reach the age of 65 can expect to use some long-term services and supports before they die (Favreault and Dey, 2015) . Among those who will use LTSS, the expected present discounted value of the services they would use is estimated at $133,700 in 2015 dollars. Roughly 5% of men and 12% of women age 65 and over will incur costs for LTSS of more than $250,000 in present discounted 2015 dollars before they die (Favreault and Dey, 2015) . Private insurance is limited, and in the United States it pays for only about 10% of LTSS. Public insurance, and more specifically Medicaid, accounts for about 35% of LTSS spending. As a result, about 50% of all spending for LTSS is paid for out-of-pocket by service users and their families. Housing assets play an important role in such "self-insurance" mechanisms. However, to date evidence of the effect of wealth shocks on LTSS use is limited.
Housing assets have historically been the main source of non-pensionable wealth of Americans (Venti and Wise, 1991) . This is especially the case for older adults: 72% of older Americans are homeowners, and continue to be homeowners at older ages (ASPE, 2016) . The median per capita net value (after accounting for debt) of housing assets of older adults is about $80,000 in 2015 dollars. That amounts to 67% of the median per capita net worth of adults over the age of 65. Because housing wealth is the largest source of savings that can be used to pay for unexpected health shocks that involve LTSS, we seek to understand how a wealth shock affects 4 individual long-term care decisions.
Given the central role housing plays as a form of precautionary savings one would expect changes in household wealth to influence the capacity to self-fund for LTSS. Establishing the causal links of wealth to LTSS is complicated by the fact that unobservable factors that drive wealth accumulation may also affect the demand for LTSS later in life (Garber, 1989) . Indeed, most individuals save 'generically' for old age, which includes LTSS and other sources of expenditure.
Our identification strategy relies on observing changes in patterns of use of LTSS in response to housing wealth shocks created by the great recession (2006) (2007) (2008) (2009) (2010) . Since home equity is such a large component of wealth for most households, large unexpected changes in housing prices are likely to have an important influence on consumer's decisions, especially at old age when individuals tend to rely heavily on their housing assets. That is, an exogenous reduction in wealth at the time it is needed to pay for LTSS can reduce its use.
In this paper, we focus on wealth shocks created by the great recession's induced movements in housing prices in the United States and the impact of LTSS use. The variation in housing values begins with the start of the real estate boom that dates to the first quarter of 1998, through to the beginning of the housing bubble burst in quarter one of 2006, the bust (or postboom) period runs through 2012 (Cohen et al, 2012) . That is, housing prices peaked in early 2006 after a decade of price increases, and at the end of that year there was a sudden, unexpected and historic drop in prices of 18.9%. Home prices continued to fall significantly into 2009, after 5 which prices exhibited more moderate reductions until 2012, when prices began to climb again 1 .
Changes were heterogeneous across the country: housing prices tended to rise much faster in metropolitan areas on the East and West coasts compared to the middle of the nation (Cohen et al, 2012) 2,3 . Thus, there is considerable variation in the magnitude of housing price changes across both geography and time. However, although local housing price changes are exogenous to individual households, they are in part driven by local economic conditions that may affect individual health in ways other than through home equity effects. We account for this by incorporating locality and time fixed effects into our econometric model. As a robustness check,
we estimate the impact of local housing price changes on the use of LTSS by renters who experience the same housing market conditions as owners but without experiencing the direct wealth gains or losses.
We confirm in our data the effect of a significant wealth expansion from 1994 to 2006. After that we find a wealth reduction (in the form of wealth shocks) that is on average a 20-25% drop in net value until 2010. The large and for the most part unexpected changes in housing prices are posited to have an influence on consumers' decisions regarding the use of LTSS. The analysis shows little response to housing wealth changes in nursing home use while formal home health and the intensity of informal care use are positively related to housing wealth.
1 See Figure A1 in the Appendix 2 For example, prices in Boston during the boom increased by 121% and during the bust dropped by 15%, whilst in LA they increased by 231% during the boom and dropped by 40% during the burst. In contrast in Detroit, the price changes were more balanced: prices increased during the boom by 46% and then declined by 44% during the bust. 3 The two main indexes that are regarded as reliable are the Standard & Poor's (S&P)/Case-Shiller house price index and the Federal Housing Finance Agency (FHFA) Purchase-Only. However, although variation is larger in the former, the two indexes are remarkably similar in the timing of the changes. Overall, metropolitan areas with the larger booms tended to have larger busts.
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The structure of the paper is as follows. The next section contains the background, followed by a section describing the data and our empirical strategy; section four reports results and a final section contains some concluding observations.
Background
Housing wealth is a a major source of savings that is frequently used to finance LTSS for older adults. Recent research estimates that the median adult has sufficient housing wealth to purchase a little more than one-half year of nursing home care, 208 days (ASPE, 2016) . In assessing how changes in housing wealth may affect patterns of using LTSS, it is important to understand how and when housing wealth is used by older adults, the role of housing wealth in the total net worth of older adults, and the demand for LTSS. We briefly review what is known about older adults' wealth and use of LTSS.
Housing at old ages. One of the most striking trends in US housing markets has been the sustained increase in the homeownership rate for those 65 years and older that is attributed to a rise in Social Security benefits (Engelhardt, 2008) . There is a strong desire among older adults to age in place (Venti and Wise,1990) , and in turn a correlation between income and homeownership for this group. Housing wealth is used to smooth consumption, although evidence indicates that this happens primarily at very old age. Walker (2004) shows that housing sales by older people in single-person households are mostly driven by poor health rather than age. Surging policy attention and research interests have focused on the relationship between housing price fluctuations as a proxy for wealth shocks.
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Housing wealth effects. Housing equity has a very important influence on the income of older European (Doling and Elsinga, 2012) , and has been found to reduce the amount people save (Doling & Horsewood, 2008) . Venti and Wise (1991) reported that approximately 80 per cent of the wealth of older households in the USA was held in the form of housing equity. Recent data from the US Census Bureau (2015) displayed in Figure A2 show that still today, the average American over 65 holds about 77-86% of its net worth in the form of housing equity.
Thus, older adults are often described as being 'income-poor and housing-rich' (Hancock, 1998) . Property is generally the last resource liquidated, and the liquidation timing has been shown to depend on people's health.
Changes in wealth have an impact on welfare and consumption at old age (Case et al., 2005 and Campbell and Cocco, 2007) although there are some differences between short and long run effects. More specifically, Case et al. (2005) find that changes in aggregate housing values expand consumption with an elasticity that can be as high as 0.1. However, when long run effects are accounted for, the housing wealth elasticity drops to 0.04 but still remains significant (Carrol et al., 2006) . Some studies find differences between financial and non-financial wealth (Bostic et al. ,2009 ) and other studies distinguish between positive and negative wealth shocks (Disney et al., 2020) . Finally, one ought to distinguish perfectly anticipated housing price changes from unanticipated ones. The effects of the latter are the focus of this paper.
We focus on housing price shocks that are plausibly orthogonal to individual decision making.
This is in part because home ownership has consumption effects, and individuals do not 8 necessarily perceive its investment nature at every point in time. However, in the event of a combined health and wealth shock, then the investment effects might become more salient. Other instances when investment effects kick-in include downsizing effects later in life (Campbell and Cocco, 2007) .
A body of research has used variation in economic circumstances to study choices about longterm care and the health of older adults (Davidoff, 2010) . Using evidence form the Social Security notch that would differentially affect the income of retirees, Goda et al. (2011) find that a positive permanent income shock reduces the demand for nursing homes and increases demand for paid home care services. Poterba et al. (2011) find that net worth rises with age for healthier households (those in the top three quintiles of initial health status), but is flat or more slowly increasing for less healthy households. The latter finding explains why a preference for sale and home reversion later in life to pay for care is mainly determined by health and personal care needs (Costa-Font et al., 2010) . Finally, one study found that the requirement for people in the UK with capital resources to contribute to their care is a significant disincentive to institutional admission, whereas institutional use is more common among renters (McCann et al., 2012) . contact is less obvious and might depend on an individual's socioeconomic circumstances (Greenwell and Bengtson, 1997) 4 .
Family Proximity and
Insofar as an economic downturn might exert an influence on resources, one might expect it to impact the decision to live close to an older family member, and to increase the probability of informal caregiving. Aquilino (1990) finds that marital status influences adult co-residence with parents, and other studies find that the presence of a female sibling in the family explains distance to family and adult co-residence (Michelin and Mulder, 2008) . Education and number of children appear to be the strongest correlates of parent-child proximity (Lin and Rogerson, 1995) . Hence, we need to control for such covariates in modeling long term care use decisions.
Effects on Health and Disability. A wealth shock also can influence long term care
decisions by changing the need for long term care. Previous research finds a weak wealth and health nexus effect (Meer et al., 2003) . However, such an effect is due in part to the fact that individuals can adapt their housing to their physical and mental health needs (Heywood, 2004) .
Observing a home owner's health over the business cycle, and more specifically the recent great recession, McInerney et al. (2013) find evidence of a change in health. But the change in health is driven mainly by a change in non-housing wealth, which increases the chances of depressive symptoms and the use of anti-depressants.
Empirical Implementation
We use the variation in housing prices between 1992 and 2010 as an instrument for evaluating the effect of wealth shocks on the use of long term services and supports. In particular, we focus on the wealth shock effects at the extensive margin (those using LTSS that previously were not) and at the intensive margin (specifically, whether it influences the intensity in use of nursing home care). We also document the effect that exogenous changes in housing assets exerted on the probability that an individual uses various forms of LTSS. We rely on the Health and Retirement Study (HRS) 3-10 waves, and we use time and state specific housing price changes to identify the effect of housing assets change on use of LTSS. Examining changes in wealth during the period 1992 to 2010 is of particular importance given the considerable heterogeneity on the effects of the housing bubble across the United States.
Housing price data were obtained from the Federal Housing Finance Agency (FHFA); we could match the data to individuals who own a property for a total of 173,480 observations. Thus, the exogenous variation in metropolitan and regional housing prices allows us to exploit exogenous variation in home equity wealth based on an individual's residence. We have estimated reduced forms and tested for the robustness of the instruments. The result indicate that wealth is endogenous and housing price variation performs well as an instrument for changes in wealth. We have controlled for individual factors that are likely to impact individuals' caregiving and housing alternatives at older ages. Time specific effects also are an important source of variation we control for by including time dummies in our regression estimates. At the same time, we examine the effects of changes in housing prices on renters, who would not experience a direct wealth effect. comprises the tenth wave; responses to the survey were taken in 2010. Given the evidence that the expansion of housing prices occurred after the second wave of the HRS, we concentrated our analyses on waves 3 to 10. This choice is based on the quality of data and is consistent with previous studies (Goda, 2011, Finklestein and McGarry, 2006) . However, unlike previous studies, we do not limit our analysis to a specific age group because we are interested in the effect of a wealth shock on use of LTSS. Overall, the survey is rich in socio-economic variables that describe individuals and their households. They include demographics, health status, wealth (housing related and other), income and insurance converge.
We were able to obtain restricted access to examine changes in housing wealth at the state and metropolitan level. The results show the same effects as when using the unrestricted 5 They might experience an indirect income effect if owners transferred part of the wealth effect by changing the individuals' rent but we cannot observe that. 6 AHEAD is an acronym for Assets and Health Dynamics among the Oldest Old. 7 For more information about the HRS sample, see: http://hrsonline.isr.umich.edu/sitedocs/sampleresponse.pdf.
census region data on residence, largely because the housing bubble disintegrated most in specific census regions and the relative declines in housing prices were largely consistent within regions. Thus, focusing on regions provides sufficient variability to obtain a local average treatment effect (LATE). Further, while housing prices were a relevant and statistically significant instrument for wealth among home owners, it is the disintegration of the housing bubble that allows us to identify unanticipated wealth changes. Crucially for our study, some earlier work argues that wealth shocks have different effects on LTSS utilization depending on the number of residents in the household (Bell and Rutherford, 2012 ).
The analysis sample includes 172,572 observations and the dependent variables mostly refer to the external margin of long term care utilization. That is, a set of binary indicators that measure the use of nursing home, home health care, and informal care. For some variables, we examine the internal margin too when available (informal care). Table A1 contains information on demographic and health controls for the respondent as well as that of the spouse. Finally, means tests on the equality of characteristics between renters and home owners suggest no statistical significance differences on marital status and family composition, but some differences in age composition were observed (renters are more likely to be over 75 and owners are more likely to fall in the 65-75 age groups).
Empirical Strategy. With these data from the HRS, we estimate an instrumental variable model to estimate the impact of variation in an individual's wealth stemming from changes in housing prices on use of LTSS. Given that changes in housing prices did not affect individuals who were not home owners, we examine the estimated effects for those who were renting a property before and after 2007-8 (interpreted as one control group not affected by a decline on property prices) and compare those estimates to changes for individuals that owned property (OWN). This is a form of "placebo test". In addition, we compare the changes in wealth of those who were already receiving LTSS to those who obtained such services after the downturn (POST). Since we control for fixed effects for each region and each year, the effect of the economic change is identified. Additional robustness checks include analyses of specific subgroups of the population such as single people. We address the problem of the existence of within geographic-year correlation across observations, as well as serial correlation within provinces across time.
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[Insert Figure 1 about here]
A number of key features in the economic environment play a crucial role in our identification strategy. First, the panel (a) in Figure 1 
Results
Reduced forms. As a way to test for the validity of our instruments, we begin by reporting reduced form estimates including a time trend as a covariate and housing price indexes (Table 1 ). The estimates indicate that housing prices do indeed exert a positive effect on informal care, and a negative effect on the likelihood of using both home health and nursing home care.
The effect of housing prices in turn suggests that the instrument is associated with the dependent variables. However, whether the effect survives the inclusion of controls is an empirical question resolved below.
[Insert Table 1 about here] Validity of the instruments. Next, we examine the validity of instruments in predicting total housing assets. We find that an expected a change in the index would change total wealth irrespectively of whether it refers to total assets or just housing wealth (Table 2 ). However, we also find that when we examine the period 1998-2010 for housing assets, the coefficient is three time larger. The F-tests of these regressions are always significantly larger than 10, and this is the case irrespective of the inclusion of controls. Table 3 shows placebo tests of the effects of house prices on wealth of non-home owners; the tests consistently find no effect on any of the different sub periods and the total sample.
[Insert Table 2 and 3 about here]
Use of LTSS. Next we examine the effect of wealth changes on the use of home health. We find evidence of a positive wealth effect on the likelihood of using home health that is robust to the inclusion of individual fixed effects (see Table 4 ). This is the case for both total assets and housing assets, and the coefficient indicates that one standard deviation change in wealth (total assets) increases the probability of home health care use by 0.25 percentage points. The effect on home health care use of one standard deviation change in assets is of 0.2 percentage points; this effect compares in percentage points to the effect of one standard deviation increase in the number of a person's ADLs (which results in a 0.027 percentage point increase).
[Insert Table about here]
Our results indicate that wealth exerts a positive effect on the use of informal care both at the intensive and extensive margins (Table 5 ). The intensive margin of informal care is measured by the monthly hours of help used by those who receive help with ADLs. The results are positive and significant for both measures of wealth: the coefficient estimates suggest that a one standard deviation change in total net assets and housing assets leads to increases of 3.2% and 4.3%, respectively, in the probability of informal care use. The effect on the intensive margin of a one standard deviation change in total (housing) assets increase informal care use by 8.36 (27.3) hours a month.
Finally, we find no significant effect of total wealth and housing assets on the probability of using nursing home care (Table 6 ). We posit that the informal care response is due to the possibility that nursing home use is reduced as wealth increases, thereby inducing more informal help. We recognize that our estimation results on nursing home use are mixed but there is some evidence of reduced use as wealth grows. We are cautious in our views of the nursing home impact because of potential power issues in the IV estimation and our limited definition of institutional care.
[Insert Tables 5 and 6 about here] Mechanisms. As a final analysis, we tested for the effect of a wealth shock on health and disability at old age. Overall, we find no evidence of any effect. Hence, the main mechanism appears to be a direct effect of a change in the value of housing assets on the demand for LTSS, and specifically on a higher reliance on community care services, consistent with a stronger probability of ageing in place.
Conclusion
This article exploits the quasi-experimental variation in both the timing and strength of the housing price change (which we expect constitute unanticipated wealth shocks to families) on the use of LTSS in the United States. The latter is used in the context of an instrumental variable strategy drawing on both the effects on total and housing assets. Consistent with the study expectations, we find evidence that a wealth shock after the change in housing prices does change long term care choices for homeowners but not for renters. More specifically, changes in housing wealth affect use of home health and informal care both at the intensive and extensive margins. However, our causal LATE estimates indicate that such an exogenous change in wealth does not significantly influence nursing home care utilization. A more complete analysis would incorporate measurement of the use of assisted living arrangements that are likely to be more sensitive to wealth than is nursing home use. Unfortunately, information about assisted living arrangements were not available to us.
Overall, we find that the increased use of home health care due to a positive wealth shock compares in size to the effect of a one standard deviation change in disability (ADLs). Further, we find a 3-4% increase in the probability of informal care use after an asset shock, which is consistent with the literature and suggestive of a preference for individuals to age in place (Costa-Font et al., 2009) . We find causal evidence of effects of wealth changes for home owners 
